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D scription 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates generally to fabrication 
of substrates for multi-chip modules and other integrat- 
ed circuit modules, and, more particularly, to fabrication 
of a substrate for an integrated circuit module by mold- 
ing material around semiconductor chips, except for 
chip surfaces containing contact pads. 

Description of the Related Art 

[0002] Conventional high density interconnect (HDi) 
processes often use cavities formed into a substrate 
base for the placement of chips so that the top surfaces 
of the chips are essentially planar with the surface of the 
substrate. The substrate is generally a ceramic or a 
composite structure. The conventional HDI technique 
for fabricating cavities in the substrate is to mechanically 
machine or mill out the cavity material with a computer- 
controlled diamond tooled bit. This time consuming 
process does not always provide the desired chip cavity 
depth and can result in cracks which render the sub- 
strate unusable. 

[0003] In the conventional HDI process, chips are 
placed into cavities on multiple drops of die attach ad- 
hesive for mechanical, thermal, and electrical mounting. 
Chips placed with this process often are displaced dur- 
ing further processing because there are non-uniform 
surface tension forces at the chip-to-die attach adhesive 
inter-face. This displacement reduces precision in chip 
location, and further processing steps are required to 
adapt each electrical interconnection to the chip mis- 
alignment. 

[0004] Eichelberger, U.S. Pat. No. 5,091 ,769, issued 
Feb. 25, 1992, describes an integrated circuit package 
formed by placing integrated circuit chips backside 
down on a substrate, encapsulating the faces and sides 
of the chips, fabricating vias and interconnections 
through the encapsulant to the contact pads for testing 
and bum in procedures, and removing the encapsulant 
after testing. When chips of differing thicknesses are 
used in a single multi-chip module (MCM), their pads 
are not situated in a common plane, so this method re- 
quires either that some of the chips be thinned or that 
the vias be of varying depths. Additionally, this tech- 
nique involves a step of mechanical grinding for 
planarizing the surface and the use of an encapsulant 
material which is removed after testing. 
[0005] C.-L. Chen et al. IEEE Transactions on Com- 
ponents, Hybrids and Manufacturing Technology 15(4), 
451 (1 992) discloses an integrated circuit module, com- 
prising a plurality of chips, each of said chips having a 
face side and a backside, and contact pads located on 
said face sides on a common plane, hardened substrate 



2 

molding material surrounding said chips, except for the 
face side of said chips, a dielectric layer placed on the 
face side of said chips and said hardened substrate 
molding material, said dielectric layer including a plural- 

5 ity of vias therein, at least some of said plurality of vias 
being aligned with predetermined ones of said contact 
pads, respectively, and a pattern of electric conductors 
extending through selected ones of said plurality of vias 
in said dielectric layer. EP 0 110 285 A, EP2 572 849 A 

10 and US 5 032 543 disclose similar integrated circuit 
modules and methods for manufacturing such circuit 
modules. 

[0006] In view of the above-cited prior art, the object 
of the present invention is to provide an integrated circuit 
15 module having a substrate molding material which is 
able to withstand subsequent processing steps and end 
usage environment and which allows to tailor various 
molding material properties in order to meet the module 
requirements. 

20 [0007] This object is achieved by an integrated circuit 
module according to claim 1 . Further advantageous fea- 
tures are claimed in the subclaims. 
[0008] The present invention may best be understood 
by reference to the following description taken in con- 

25 junction with the accompanying drawings, where like 
numerals represent like components, in which: 

FIG. 1(a) is a sectional side view of chips placed 
face side down on an adhesive coated film layer, 

30 which may comprise a portion of an interconnect 
layer in the completed module; 
FIG. 1 (b) is a view similar to that of FIG. 1 (a), further 
showing a mold form situated around the chips and 
containing molding material; 

35 FIG. 1(c) is view similar to that of FIG. 1 (b), further 
showing embedded chips in substrate molding ma- 
terial after the mold form has been removed; 
FIG. 1 (d) is a view similar to that of FIG. 1 (c), further 
showing vias and electrical connections in the ad- 

40 hesive coated film layer, 

FIG. 1 (e) is a view similar to that of FIG. 1 (d), further 
showing interconnect layers; 
FIG. 2(a) is a view similar to that of FIG. 1 (c), after 
removal of the adhesive coated film which, in this 

« embodiment, is sacrificial rather than a portion of 
an interconnect layer; 

FIG. 2(b) is a view similarto that of FIG. 2(a), further 
showing another adhesive coated polymer film on 
the chip and hardened substrate material; 
50 FIG. 3(a) is a sectional side view of chips placed 
face side down on an adhesive layer supported by 
a base; 

FIG. 3(b) is a view similarto that of FIG. 3(a), further 
showing a mold form situated around the chips and 
55 containing molding material; 

FIG. 3(c) is a view similarto that of FIG. 3(b), further 
showing the embedded chips in the substrate mold- 
ing material which has been removed from the mold 
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form, has had the base removed, and has been 
flipped over with the adhesive layer intact on the 
surface of the chips and the molded substrate; 
FIG. 3(d) is a view similar to FIG. 3(c), further show- 
ing a polymer film applied to the adhesive layer. 
FIG. 4(a) is a view similar to that of FIG. 1 (a), show- 
ing an inner dielectric layer over the chips and the 
adhesive coated film layer; 
FIG. 4(b) is a view simitar to that of FIG. 4{a), further 
showing a mold form situated around the chips and 
containing a substrate molding material; 
FIG. 4(c) is a view similar to that of FIG. 4(a), further 
showing an electrically conductive strip positioned 
between the inner dielectric layer and the chip/sub- 
strate surface; 

FIG. 4(d) is a top view of the embodiment shown in 
FIG. 4(c); 

FIG. 4(e) is a view similar to that of FIG. 4(c), further 
showing the chips, the adhesive coated film layer, 
the inner dielectric layer, and the electrically con- 
ductive strip after after the molding material has 
been formed, as well as interconnections in the ad- 
hesive coated film layer through vias extending to 
a contact pad and the electrically conductive strip; 
FIG. 5(a) is a view similar to that of FIG. 1 (a), further 
including thermal plugs situated on passive back- 
sides of the chips for enhanced heat removal; 
FIG. 5(b) is a view similar to that of FIG. 5(a), further 
showing a mold form situated around the chips and 
thermal plugs containing a molding material; 
FIG. 6(a) is a view similar to that of FIG. 1 (d), further 
showing a perimeter array of interconnect pins ex- 
tending through the surface of the substrate mold- 
ing material opposite the surface to which the chips 
are attached; 

FIG. 6(b) is a view similar to that of FIG. 1 (d), further 
showing a perimeter array of interconnect pins ex- 
tending through a side of the substrate molding ma- 
terial; 

FIG. 7(a) is a sectional side view of chips face side 
down on a base comprising a vacuum plate; 
FIG. 7(b) is a view similar to that of FIG. 7(a), further 
showing a mold form situated around the chips and 
containing molding material; 
FIG. 7(c) is a view similar to that of 7(b), further 
showing embedded chips in substrate molding ma- 
terial after the mold form has been removed; 
FIG. 7(d) is a sectional side view of chips face side 
up on a base comprising a rigid vacuum plate and 
a compliant vacuum plate for subsequent lowering 
onto the rigid vacuum plate; 
FIG. 7(e) is a view similar to that of FIG. 7(d), further 
showing the compliant vacuum plate in contact with 
the chips; 

FIG. 7(f) is a view similar to that of FIG. 7(e), show- 
ing the compliant vacuum plate and chips after the 
removal of the rigid vacuum plate; 
FIG. 8(a) is a view similar to that of a portion of FIG. 



1(b), further showing a grinding fixture for reducing 
substrate and chip thicknesses; 
FIG. 8(b) is a view similar to that of FIG. 8(a), show- 
ing the chips and substrate after a portion has been 
removed; 

FIG. 8(c) is a view similar to that of FIG. 8(b), further 
showing interconnect layers over the chips; 
FIG. 8(d) is a view showing a stack of thinned chips 
having interconnect layers with edge contacts; and 
FIG. 8(e) is a view showing a stack of thinned chips 
interconnected by substrate pins. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

[0009] FIG. 1 (a) is a sectional side view of chips, rep- 
resented by a capacitor 20 and semiconductor chips 14, 
placed face side down on a base sheet 1 2 supported by 
a base 10. Base sheet 12 can be comprised of a film 
layer 12b, such as Kapton polyimide (Kapton is a trade- 
mark of E.i. duPont de Nemours and Co.), coated with 
a contact adhesive layer 12a, such as Ultem polyether- 
imide resin (Ultem is a registered trademark of General 
Electric Company, Pittsfield, MA) or an epoxy/polyimide 
copotymer blend such as that disclosed in commonly as- 
signed Wojnarowski et al., U.S. Pat. No. 5,108,825, is- 
sued Apr. 28, 1992. Solvent die attach may be used, as 
described in US-A-5,225,023. The phrase "face side 
down" means that contact pads 15 are in contact with 
adhesive layer 12a. Base 10 may comprise any struc- 
tural material, such as, for example, plastic, ceramic, or 
metal. 

[0010] A chip may comprise any electrical circuit com- 
ponent, including semiconductor chips, such as inte- 
grated circuits (ICs), and discrete devices, such as, for 
example, capacitors, resistors, inductors, and transduc- 
ers. Chips 1 4 or 20, which need not have the same thick- 
ness, may be placed in contact with adhesive layer 12a 
in any conventional manner. In one embodiment, a pick- 
and-place machine 18 (partially shown) Is used. In an- 
other embodiment, chips are placed precisely on a tem- 
porary surface such as wax or a film having low contact 
adhesion, such as a wafer membrane of the types fab- 
ricated by Nitto Co. (known as "Nitto Tape") and Semi- 
conductor Equipment Corp. (known as "Blue Mem- 
brane"), and then the chips, while still attached to the 
temporary surface, are placed face down on base sheet 
12. The use of a temporary surface is most effective 
when the chips have similar thicknesses. 
[0011] Base sheet 12, comprised of adhesive layer 
1 2a and polymer film layer 1 2b, may be used as the first 
dielectric layer for an HDI structure which typically com- 
prises a thermoplastic or thermoset adhesive applied to 
a fully cured polymeric film. Alternatively, base sheet 12 
may be a sacrificial layer which is removed after mold- 
ing, as further discussed with respect to FIGs. 2(a) and 
2(b). If the base sheet is used as a first dielectric layer, 
then preferably both the adhesive and polymer film lay- 
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ers are laser ablatable at wavelengths of 350-370 nm. 
[0012] In a preferred embodiment, an optional sheet 
frame 16 is used to keep base sheet 12 flat on the sur- 
face of base 1 0. The frame is typically comprised of mo- 
lybdenum, titanium, or stainless steel, but may comprise 
any appropriate structural material. After chip attach- 
ment, procedures such as palladium/chloride seed plat- 
ing, sputtering, and vapor deposition may be used to 
cover the chips with electrically conductive material as 
disclosed in commonly assigned Wojnarowski et al., U. 
S. Pat. No. 5,151,776, issued Sep. 29, 1992, which is 
herein incorporated by reference. 
[0013] FIG. 1(b) is a sectional side view of the appa- 
ratus of FIG. 1 (a), further showing a mold form 22 situ- 
ated around the chips and filled with a substrate molding 
material 24. Mold form 22 can comprise any appropriate 
structural material including, for example, plastic or met- 
al and can either remain with the molded substrate dur- 
ing further processing or be removed after preparing the 
mold, A removable mold form can be either sacrificial or 
reusable. If the mold form is reusable, it is useful to spray 
on a release agent (not shown), such as Teflon poly- 
tetrafluoroethylene (Teflon is a trademark of E.I. duPont 
de Nemours and Co.), silicone, or a no-stick vegetable 
oil before filling the mold form with the molding material. 
[0014] Potential substrate molding materials include, 
but are not limited to, aliphatic and aromatic polymers 
including thermoplastic and thermoset type polymers 
and blends of various polymers such as Ultem polyeth- 
erimide resin, acrylates, polyurethanes, Teflon poly- 
tetrafluoroethylene, epoxies, benzocyclobutene (BCB), 
polyimides, or other polymers. One important consider- 
ation when selecting a molding material is that it must 
be able to withstand subsequent processing steps and 
end usage environment. 

[001 5] The molding material will likely include therein 
filler material in a configuration of particles, fibers, 
screens, mats, or plates. The type and amount of filler 
material can be used to tailor various molding material 
properties, such as thermal conductivity and coefficient 
of thermal expansion, to meet module requirements. For 
example, these materials can include inorganic particles 
of glass, SiC, A1 2 0 3 , or AIN, particles of diamond or 
graphite, or metal particles of silver or copper. Glass, 
SiC, AIN, diamond, and graphite have low coefficients 
of thermal expansion, whereas polymers and metals 
have higher coefficients of thermal expansion. The ther- 
moconductive materials include SiC, AIN, copper, 
graphite, and diamond, with graphite and diamond be- 
ing the better conductors. 

[0016] The substrate molding material is poured or in- 
jected into the mold form in a manner optimizing envi- 
ronmental conditions such as temperature, atmos- 
phere, voltage, and pressure, to minimize voids, stress- 
es, shrinkage and other potential defects. For example, 
the process works best when performed in a vacuum. 
Preferably, the processing temperature does not ex- 
ceed 300 °C. 



[0017] If the area of base sheet 1 2 is greater than the 
area of the mold form, a portion, depicted as removable 
section 300, of the base sheet can be trimmed before 
the base sheet is used in an HDI overlay structure 
5 (shown in FIGs. 1 (d) and 1 (e)). Alternatively, removable 
section 300 can be trimmed after module fabrication has 
been completed. 

[0018] FIG. 1(c) is a sectional side view of the appa- 
ratus of FIG. 1 (b) showing embedded chips after mold 
10 form 22 (shown in FIG. 1(b)) has been removed from 
molding material 24 and the base sheet 12 has been 
trimmed and separated from base 1 0. The substrate 
molding material is ready to be removed from the mold 
form after the molding material 24 is hardened (i.e., set 
'5 with irradiation or cured at room temperature or with 
heat) into a molded substrate. Removal of the mold form 
can be facilitated if a release agent, such as Teflon pol- 
ytetrafluoroethylene or vegetable oil, has been applied 
to the mold form. Forepoxy molding material, asprayed- 
20 on silicone mold release agent is preferred. 

[0019] Base sheet 12 may be left in place on the sur- 
face of the molded substrate and the top surfaces of the 
IC chips and passive components. Typically adhesive 
layer 12a is a thermoplastic or thermoset material. Be- 
25 cause the chips were placed face down before the mold- 
ing process, the resulting surface of the molded sub- 
strate and chips is virtually planar, facilitating application 
of conventional HDI overlay structures (shown in FIG. 1 
(d)). This exposed surface can be treated with a short 
30 plasma 02 etch or RIE (reactive ion etch) exposure to 
promote adhesion during further processing. 
[0020] In one embodiment, adhesive layer 12a is 
hardened before the molding material is added, and the 
molding material is hardened at a later time. In a pre- 
35 ferred embodiment, the adhesive layer and the molding 
material are cured during a single heating step, thus re- 
ducing the number of processing steps. A single curing 
step works well if the adhesive layer and the molding 
material are fabricated of the same material, especially 
to a thermosetting material. 

[0021] Several examples of specific molding material 
and processing steps are discussed in the following par- 
agraphs to describe potential specific molding tech- 
niques. The typical size of the mold is 2 inches long, 2 
45 inches wide, and 50-60 mils high. 

[0022] In a first example, a molding material is pre- 
pared by blending 50 g of SPI-135 solution (a siloxane- 
polyimide available from MicroSi Corp., Phoenix, AZ) 
with 50 g of a cycloaliphatic epoxy (CY-179, available 
50 from Ciba Geigy Corp.) which contains 1 % by weight of 
an onium salt crosslinking catalyst, Octacat (available 
from GE Silicone Products, Waterford, NY). Other epoxy 
catalysts or co-catalysts, such as, for example, benzo- 
pinacol, copper naphthenate, and FC 520 (trifflic acid 
55 salt, available from 3M Corp.), can be used without sac- 
rifice in performance or the ability to crosslink the mold- 
ing material. This molding material is poured into the 
mold and baked for two hours at 1 00 °C under slight 
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vacuum conditions to remove all solvents and bubbles. 
The mold is then heated for two hours at 1 30 °C followed 
by two hours at 1 80 °C to completely harden the molding 
material. These temperatures and times are for example 
only; they can be varied as desired. The preferred tem- 
perature range includes temperatures between 25 °C 
and 250 °C. 

[0023] In a second example, a molding material is pre- 
pared by blending 50 g of Epon 828 (available from Shell 
Chemical), 50 g of O.E.N. 438, 5 g D.E.R. 732 (D.E.N, 
and D.E.R. available from DOW Chemical), 0.1 g of cop- 
per naphthenate blend from Mooney Chemical, and 1 g 
of Octacat crosslinking catalyst. The material is blended 
for one hour at 1 00 °C, poured into the mold form, heat- 
ed for three hours at 130 °C, and then heated for five 
hours at 180 °C to harden the molding material. 
[0024] In a third example, 50-200 g (typically 100 g) 
of finely powdered alumina (preferably particles having 
diameters less than 1 0 microns) is mixed with the blend 
of example two before the molding material is poured 
into the mold form. The mixture is heated as in example 
two, resulting in a composite molding material with im- 
proved thermal conductivity. Other materials such as 
aluminum nitride, aluminum silicon carbide, aluminum, 
or diamond particles can be blended and heated in a 
similar manner. 

[0025] In a fourth example, molding material compris- 
ing 20 g of a siloxane polyimide polymer is dissolved in 
80 g of Cy-1 79 (available from Ciba Geigy Corp.), which 
is then blended with 0.8 g of Octacat and 0.1 g of copper 
naphthenate at 100 °C. The material is then combined, 
poured into a mold, and heated for three hours at 130 
°C, followed by five hours of heating at 180 °C. 
[0026] In a fifth example, an epoxy solution is pre- 
pared as described in the first example. A 1 mil thick 
Kapton polyimide film is surface-treated with an 0 2 plas- 
ma reactive ion etch sequence to cause surface rough- 
ness and thus achieve improved adhesion. A portion of 
the epoxy solution is then spin coated on the Kapton 
polyimide film to result in a composite film of Kapton 
polyimide with a 1/2 mil thickness of the dried epoxy ad- 
hesive thereon. The film is baked at 1 00 °C for one hour 
to remove solvent and results in a 1/2 mil tack free film 
on one surface of the Kapton polyimide. The chips are 
placed face side down on the epoxy side of the film. The 
film is kept at about 100 °C, and some pressure is ap- 
plied to the chips during placement to imbed the contact 
pads of the chips into the epoxy layer which is relatively 
soft at this temperature. Solvent die attach may be used 
for this purpose also, as described in aforementioned 
US-A-5,225,023. The mold form is placed around the 
chips and an additional portion of the epoxy solution 
(which has previously been heated to 1 00 °C to remove 
solvent) is poured hot over the backside of the chips, 
thus filling the mold. The entire structure is then heated 
for two hours at 1 30 °C and two hours at 1 80 °C to hard- 
en the mold material and the adhesive used to bond the 
chip to the Kapton polyimide (both of which comprise 



the epoxy solution). 

[0027] Although using a thermoset adhesive layer, 
such as an epoxy, restricts rework processes, it is rec- 
ommended for the dielectric layer adjacent to chips 14 
5 because it permits lower HDI processing temperatures 
and allows for higher post fabrication processing and 
field application temperatures than thermoplastic adhe- 
sives. 

[0028] FIG. 1 (d) is a sectional side view of the appa- 

io ratus of FIG. 1(c), further showing via openings 30 and 
a pattern of e\ectr\ca\ conductors 32 which connect con- 
tact pads 15 on chips 14 and 20. Base sheet 12 forms 
the dielectric layer that, with electrical conductors 32, 
functions as a first interconnect layer 28 (FIG. 1(e)). 

is [0029] FIG. 1 (e) is a sectional side view of the appa- 
ratus of FIG. 1(d), further showing a multi-layer HDI 
structure 26 situated on molded substrate 24 and includ- 
ing chips 20 and 14. HDI structure 26 includes first in- 
terconnect layer 28 comprising a dielectric layer with via 

20 openings 30 and supporting a pattern of electrical con- 
ductors 32, as well as an optional second interconnect 
layer 29 disposed over first interconnect layer 28. Addi- 
tional interconnect layers could be applied, if desired. 
Methods of forming and filling via openings 30, methods 

25 of patterning electrical conductors 32, and methods of 
fabricating one or more upper interconnect layers 29 are 
described in Gorczyca et al., U.S. Pat. No. 5,161,093, 
issued Nov. 3, 1992, Eichelberger et al., U.S. Pat. No. 
4,835,704, issued May 30, 1989, and Eichelberger et 

30 al., U.S. Patent No. 4,783,695, issued Nov. 8, 1988, 
each of which is commonly assigned and herein incor- 
porated by reference. 

[0030] FIGs. 2(a) and 2(b) are sectional side views 
of an alternative embodiment of the invention similar to 

35 that shown in FIGs, 1 (a)-1 (e). In this embodiment base 
sheet 12 (such as shown in FIG. 1 (c)), which comprises 
a contact adhesive 12a coated on a polymer film 12b, 
is removed from the molded substrate 24 and chips 1 4 
and 20. The base sheet is readily removed from the 

40 molded substrate if the adhesive film is selected for its 
low contact adhesion, such as, for example, wafer mem- 
branes of the types fabricated by Nitto Co. (known as 
"Nitto Tape") and Semiconductor Equipment Corp. 
(known as "Blue Membrane"). FIG. 2(a) is a view of 

45 molded substrate 24 and the chips supported thereon 
after removal of base sheet 12. FIG. 2(b) is a sectional 
side view of the apparatus of FIG. 2(a), further showing 
a dielectric layer 1 3 thereon comprised of an adhesive 
layer 13a and a polymer film 13b. This forms the first 

so dielectric layer, and a structure similar to that illustrated 
in FIGs. 1 (c)-1 (e) can then be fabricated. 
[0031] FIGs. 3(a)-3(d) are sectional side views of an- 
other alternative embodiment of the invention which is 
similar to that shown in FIGs. 1(a)-1(e). In this embodi- 

55 ment, however, base sheet 12 comprises an adhesive 
layer (such as Ultem polyetherimide resin) applied di- 
rectly to base 10, as shown in FIG. 3(a), with no adjacent 
polymerfilm layer (such as layer 12b of FIG. 1 (a)). Base 
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1 0, or the surface treatment of it, must be selected such 
that base sheet 1 2 will remain on molded substrate 24 
after the base is removed. The substrate is molded with 
molding material 24, as shown in FIG. 3(b), in a manner 
similar to that for the apparatus of FIG. 1(b). FIG. 3(c) 
is a view similar to that of FIG. 3(b), showing the struc- 
ture of FIG. 3(b) after removal of mold form 22 and base 
10. FIG. 3(d) is a view similar to that of FIG. 3(c) further 
showing a polymer film layer 1 7 laminated to the molded 
substrate 24 through adhesive base sheet 1 2 by, for ex- 
ample, using heat and pressure or solvent and pressure. 
A preferred lamination technique is described in com- 
monly assigned Eichelberger et aL, U.S. Pat No. 
4,933,042, issued June 12, 1990, which is herein incor- 
porated by reference. Film 17 may be pretreated with a 
plasma or RIE (reactive ion etching) for enhanced ad- 
hesion. A dielectric layer is thus formed on chips 1 4 and 
20, and a method similar to that discussed with respect 
to FIGs. 1(c) - 1(e) can be followed to fabricate an HDI 
structure. 

[0032] FIGs. 4(a)-4(c) and 4(e) are sectional side 
views of alternative embodiments of the invention which 
are similar to the views shown in FIGs. 1(a)-1(e). The 
embodiment of FIG. 4(a) is similar to that of FIG. 1(a) 
except that it further includes an inner dielectric layer 
100, such as, for example, adhesive coated Kapton 
polyimide, overlying the backsides of chips 14. Dielec- 
tric layer 100 is applied to the chips prior to substrate 
molding material 24 (shown in FIG. 4(b)). The use of two 
chips, as opposed to five, is merely for simplicity of il- 
lustration; any number of chips can be used. Also, as 
shown in FIGs. 1 (a)-3(d), the chips shown in FIGs. 4(a)- 
4(e) may have differing thicknesses. 
[0033] The addition of inner dielectric layer 100 pro- 
vides air gaps 1 02 between chips 1 4 and base sheet 1 2. 
These air gaps reduce stress on the module and relax 
the need for chips 1 4 and substrate molding material 24 
to have a similar coefficient of thermal expansion. An- 
other advantage of inner dielectric layer 100 is that a 
chip may be removed and replaced from an HDI struc- 
ture using the convenient repair processes described in 
Wojnarowski et al., U.S. Patent No. 5,154,793, issued 
Oct. 13, 1992, and Eichelberger et al., U.S. Pat. No. 
4,878,991, issued Nov. 7, 1989, which are commonly 
assigned and herein incorporated by reference. New 
chips may be replaced using an epoxy die attach mate- 
rial, preferably silver, and rebuilding the interconnec- 
tions. Although not shown in the figures, inner dielectric 
layer 1 00 can also be used in the embodiments of FIGs. 
2(a)-2(b), 3(a)-3(d), 5(a)-5(b), and 6(a)-6(b). 
[0034] The embodiment of FIG. 4(c) further includes 
an electrically conductive strip, plate, or well, shown as 
strip 108, beneath inner dielectric layer 100. The strip 
comprises a ductile conductive material such as alumi- 
num, gold, or copper, and in one embodiment has a 
thickness of four microns. One method for applying strip 
1 08 to inner dielectric layer 1 00 is to place the inner di- 
electric layer on a support base and use the metalliza- 



tion and patterning processes described in aforemen- 
tioned U.S. Patent No. 4,783,695. Strip 108 is posi- 
tioned so that when inner dielectric layer 100 is put 
down on the chips, one portion of strip 108 is in contact 
s with the backside of a chip and another portion of strip 
1 08 is on base sheet 1 2. Fine precision in placement of 
strip 1 08 is not required; the strip is effective so long as 
it touches any portion of a chip and any portion of the 
base sheet. Preferably either the backside of the chip 
10 orthe strip is coated with silver epoxy die attach material 
(not shown) to improve electrical contact. 
[0035] FIG. 4(d) is a top view of the structure of FIG. 
4(c), showing the location of conductive strip 108 rela- 
tive to one of chips 14. This strip may be used, for ex- 
15 ample, to ground the chip to which it makes contact, or 
to supply a desired voltage to the chip. 
[0036] As shown in FIG. 4(e), at least one via 30 is 
fabricated through base sheet 12 to allow contact to a 
chip pad. At the same time vias 30 are fabricated, a via 
20 no may be drilled through base sheet 1 2 to strip 1 08. 
An electrically conductive strip connection 106 to 
ground or a voltage source may be fabricated simulta- 
neously with the pattern of electrical conductors 32 that 
are electrically connected to chip pads through vias 30. 
25 [0037] FIG. 5(a) is a sectional side view of an embod- 
iment of the invention similar to that shown in FIG. 1 (a), 
further including thermal or thermo-electrical plugs, 
shown as thermal plugs 34, situated on passive back- 
sides of chips 14. These plugs can be bonded to the 
30 chips by silver epoxy (not shown) for grounding purpos- 
es, if desired. The thermal conductivity required varies 
according to thermal dissipation characteristics of the 
module, environmental conditions of the planned appli- 
cation, and the projected life of the circuit. High thermal 
35 conductivity filler material, such as graphite, silver 
epoxy, or diamond, is sufficient for most high power ap- 
plications. Thermal plugs 34 are useful for extremely 
high power densities, such as those exceeding 100 
watts per module. If desired, an inner dielectric layer, 
40 such as layer 100 shown in FIGs. 4(a)-4(e), can be 
placed over chips 14 prior to the addition of thermal 
plugs 34. Preferably, such inner dielectric layer would 
be ablated or thinned in the area where the thermal 
plugs are desired before the thermal plugs are placed 
45 on the chips. 

[0038] Thermal plugs 34 may comprise any thermally 
conductive material, including, for example, molybde- 
num or copper or a mixture, such as a silicon carbide 
matrix infiltrated with aluminum, as fabricated by Lanx- 
so ide Corporation. Preferably the thermal plug both pro- 
vides the necessary dissipation and has a coefficient of 
thermal expansion selected so as not to differ greatly 
from that of the chips. The thermal plugs can be at- 
tached to the backs of the chips following the step of 
55 attaching the chips to base sheet 1 2 but prior to the step 
of adding the molding material 24, which is shown in 
FIG. 5(b), using an epoxy attach material that may have 
a cure temperature ranging from room temperature to 
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elevated temperatures insufficiently high to damage 
chips 14 and 20. Preferably the thicknesses of thermal 
plugs 34 are such that the surfaces opposite the surfac- 
es attached to chips 14 are positioned on a common 
plane. This can be achieved by using appropriately thin- 
ner thermal plugs on thicker chips. 
[0039] FIG. 5(b) is a sectional side view similar to that 
of FIG. 5(a), further showing mold form 22 situated 
around the chips and thermal plugs and filled with mold- 
ing material 24. In the illustrated embodiment, the height 
of mold form 22 does not exceed that of the thermal 
plugs attached to the chips. Preferably thermal plugs 34 
and mold form 22 are selected so that the resultant sub- 
strate and outer edges of the thermal plugs will be co- 
planar. Alternatively, common height thermal plugs may 
be used and, following hardening of the molding mate- 
rial, be mechanically or chemically planarized. The ther- 
mal plugs can provide a high thermal conduction path 
directly to a heat sink (not shown). Although not shown 
in FIG. 5(b), the thermal plugs may extend beyond the 
mold surface for enhanced heat sink attach or for mount- 
ing- 

[0040] An HDl substrate molded in accordance with 
the above-described embodiments can either be a drop- 
in substrate which is mounted in an enclosure for pro- 
tection from the environment or a stand-alone compo- 
nent that is either directly mounted onto a board or uti- 
lized as a free standing module. The drop-in version can 
have external connections from the outermost intercon- 
nect layer of the HDl structure, such as layer 29 shown 
in FIG. 1(e). 

[0041] In free standing modules, electrical intercon- 
nections from the HDl multi-chip module (MCM) can be 
made in a number of variations. Like the drop-in version, 
the interconnections can be made from the outermost 
interconnect layer of the HDl structure. This outermost 
interconnect layer can include area contact pads com- 
prised of TI:Cu:T1:TiW:Au, for example. Gold is benefi- 
cial as the outermost connecting material because it is 
highly conductive and will not corrode. Alternatively, in- 
terconnect material may comprise Ti:Cu for connection 
by a solder attach process. 

[0042] Another embodiment of the invention uses an 
interconnect structure molded into the substrate. One 
variation of this concept involves placement of a con- 
nector frame 39 (FIGs, 6(a) and 6(b)) around the chips 
prior to the molding step. The frame can provide con- 
nection pads coplanar with the chip faces. Thus FIG. 6 
(a), which is a sectional side view similar to that of FIG. 
1(d), further shows a perimeter array of interconnect 
pins 36 having connection pads 37 in base sheet 12. 
Pins 36 extend through the surface of substrate 24 op- 
posite the surface of base sheet 12 to which chips 14 
and 20 are attached. These pins may be designed to be 
compatible with any connectors with which the pins will 
interface. For example, the pins can be fabricated for 
use with pin grid array sockets. A dielectric layer 40 can 
be used to cover and protect the pattern of electrical 



conductors 32. 

[0043] FIG. 6(b) is a view similar to that of FIG. 6(a), 
except that the perimeter array of interconnect pins 38 
extends through a side of substrate 24. This embodi- 
5 ment is useful for lower pin count modules, such as 
those applicable to automotive electronics. There are 
several methods for designing the side extensions. The 
mold form can have openings in the side which allow for 
placement of the connector frame. Alternatively, the 
w pins, which are sufficiently longer than the molding ma- 
terial thickness, may be bent toward the side after the 
mold is cured or set. A dielectric layer, such as dielectric 
layer 100 shown in FIGs. 4(a)-4(e), can be placed over 
chips 14 prior to the addition of substrate material 24. 
is Such dielectric layer has to be ablated in the area where 
the connectors (36 in FIG. 6(a) or 38 in FIG. 6(b)) will 
be placed. 

[0044] Large arrays of substrates can be fabricated 
as one large wafer that can be readily cut apart either 
20 before or after the HDl fabrication is completed, thus re- 
ducing handling. 

[0045] FIGs. 7(a)-7(d) are sectional side views of sev- 
eral alternative embodiments of the invention shown in 
FIGs. 1 (a)-1 (e). In these embodiments, there is no base 
25 sheet 1 2 (FIG. 1 (a)), and a vacuum plate is used as base 
10. 

[0046] In one embodiment, chips 14 are placed face 
down on base 10 comprising a vacuum plate, as shown 
in FIG. 7(a). The vacuum plate, which may comprise any 
30 appropriate structural material, is typically porous and 
may be coated with a mold release material (not shown), 
such as Teflon polytetrafluoroethylene, silicone, or a no- 
stick vegetable oil, for ease of removing hardened sub- 
strate molding material. Any orifices which are not cov- 
35 ered by chips 1 4 are preferably masked so that the sub- 
sequently applied substrate molding material does not 
enter the vacuum plate. One mask technique is is to ap- 
ply a material such as Teflon polytetrafluoroethylene 
tape or thin silicone rubber sheets over any exposed or- 
40 if ices. 

[0047] A continuous vacuum is applied to the vacuum 
plate throughout chip placement. The substrate is mold- 
ed with molding material 24, as shown in FIG. 7(b), in a 
manner similar to that discussed with respect to FIG. 1 
45 (b). Chip pads 15 are preferably short enough so that 
molding material 24 does not flow under the chips. 
When a mold release material is on the vacuum plate 
and the chip pads are pressed into the release material, 
molding material is further prevented from flowing under 
so the chips. FIG. 7(c) is a view similar to that of FIG. 7(b), 
further showing embedded chips in substrate molding 
material after the vacuum plate and the mold form have 
been removed. Then a dielectric layer, such as layer 13 
shown and described with reference to FIG. 2(b), can 
be applied and an HDl structure can be fabricated by 
the steps discussed with respect to 1 (c)-1 (e). 
[0048] FIG. 7(d) illustrates another embodiment in 
which a vacuum plate is used. Base 1 0 is a rigid vacuum 
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plate comprising a material such as stainless steel. The 
chips are positioned while a continuous vacuum is ap- 
plied to the rigid vacuum plate. Then the chip locations 
are monitored and modified, if desired. The vacuum 
conditions remain while a second, non-compliant vacu- 
um plate is pressed onto the top surface of the chips, 
which can be non-planar. As shown in FIG. 7(e), the 
compliant vacuum plate envelopes the chips. Preferably 
this compliant vacuum plate comprises two layers: one 
compliant layer 71 0 of material such as silicone rubber 
and one firm support layer 712 such as stainless steel. 
After the compliant vacuum plate is pressed around the 
chips, a continuous vacuum is applied to the compliant 
vacuum plate. The vacuum is then released from the 
rigid vacuum plate, and the rigid vacuum plate is re* 
moved. After the rigid vacuum plate plate is removed, 
the compliant vacuum plate is inverted while the chips 
remain on the compliant vacuum plate but are no longer 
pressed into the compliant vacuum plate. As shown in 
FIG. 7(f), the chips are in a similar position as the chips 
shown in FIG. 7(a). The remainder of steps in the HDI 
fabrication process are those discussed with respect to 
FIGs. 7(a)-7(c). 

[0049] if desired, an inner dielectric layer 1 00, as dis- 
cussed with respect to FIGs. 4(a)-4(e), thermal plugs 
34, as discussed with respect to FIGs. 5(a)-5(b), a con- 
nector frame 39, as discussed with respect to FIGs. 6 
(a)-6(b), or any combination of these features can be 
used in the embodiments disclosed with respect to 
FIGs. 7(a)-7(f). The only difference would be that an in- 
ner dielectric layer or a connector frame would be ap- 
plied on a vacuum plate instead of on a base sheet. 
[0050] FIGs. 8(a)-8(e) are sectional side views of al- 
ternative embodiments of the invention which are similar 
to the views shown in FIGs. 1 (a)-1 (e). The embodiment 
in FIG. 8(a) is similar to a partial view of FIG. 1 (b) except 
that substrate 24 has been inverted and a mechanical 
grinding fixture 81 0 has been provided. The mechanical 
grinding fixture is used to grind down the backside of the 
substrate to a desired thickness, which may be to the 
bottom surface of a chip 14, part way through the chip, 
or to a thickness somewhat greater than the chip thick- 
ness. Thinning a substrate saves space and lowers ther- 
mal resistance. 

[0051] During the grinding, the substrate molding ma- 
terial surrounding the chips holds the chips in place and 
helps protect the chips from chipping or cracking. This 
process is not limited to mechanical grinding; other tech- 
niques are available for removing substrate material and 
thinning the structure, such as, for example, chemically 
dissolving the selected portion of the substrate molding 
material. Commonly assigned Wojnarowski, Thinning 
of Integrated Circuit Chips for Lightweight Packaged 
Electronic Systems and Systems Produced Therefrom," 
Application Ser. No. 07/962,379, filed Oct. 1 6, 1 992, dis- 
closes additional thinning options such as ultrasonic 
milling, micro blasting, milling, laser cutting, and using 
a lapping machine, and is herein incorporated by refer- 



ence. 

[0052] After substrate 24 is thinned, it appears as 
shown in FIG. 8(b). Then base 10 is removed, and an 
integrated circuit module (shown as HDI structure 859), 

5 similar to that discussed with respect to the embodiment 
of FIGs. 1 (c)-1 (e), can be fabricated, as shown in FIG. 
8(c) where upper interconnect layers 81 2 and 81 4 over- 
lie polymer film layer 1 2b and chips 1 4 are interconnect- 
ed by a pattern of electrical conductors 32. The sub- 

t0 strate thinning process can be used in combination with 
any of the techniques discussed with respect to the em- 
bodiments of FIGs. 1(a)-7(f), except that chips would 
preferably not be thinned in the embodiments of FIGs. 
4(a)-4(e) and, because of the lower thermal resistance 

f5 of thinned structures, thermal plugs 34 (FIGs. 5(a)-5(b)) 
are not as necessary as the plugs might be in thicker 
structures. 

[0053] These HDI structures can be stacked, as 
shown in the embodiment of FIG. 8(d). In one type of 

20 stacking, edge metallization contacts 852 are used. 
Methods for fabricating these contacts are disclosed in 
Eichelberger et al. f U.S. Pat. No. 5,019,946, issued May 
28, 1991, and Gorczyca et al. f "Edge-Metallized High 
Density Interconnect Substrates to Enable Fabrication 

25 and Interconnection of Three-Dimensional Modules," 
Application Ser. No. 07/959,886, filed Oct. 13, 1992, 
both of which are commonly assigned. 
[0054] HDI structure 859 of FIG. 8(d) is coated with 
an adhesive layer 81 6 so that at least one additional HDI 

30 structure 860 can be attached. HDI structure 860 is pro- 
vided with thinned chips 820 in thinned substrate 818. 
An adhesive layer 821 is positioned between the top 
face of thinned substrate 81 8 and a dielectric layer 822 
having a pattern of electrical conductors 828 with edge 

35 contact pads 852 for interconnecting the chips. More in- 
terconnections can be provided by an optional addition- 
al dielectric layer 824. Dielectric layer 826 is useful as 
a buffer between HDI structure 860 and another HDI 
structure 862. 

40 [0055] HDI structure 862 is stacked on a top surface, 
shown as dielectric layer 826 of HDI structure 860. An 
adhesive layer 830 bonds the bottom surface of HDI 
structure 862 to the top surface of HDI structure 860. 
High density interconnect structure 862 is provided with 

45 thinned chips 832 in thinned substrate 834. An adhesive 
layer 836 is positioned between the top face of thinned 
substrate 834 and a dielectric layer 838 having a pattern 
of electrical conductors 844 with edge contact pads 852 
for interconnecting the chips. More interconnections can 

so be provided by an optional additional dielectric layer 
840. Dielectric layer 842 is useful as a buffer for HDI 
structure 862. 

[0056] An edge dielectric layer 846 is applied to a side 
of the stack having edge contact pads by an adhesive 
55 (not shown) and vias 854 are formed over selected edge 
pads. Then a conductive metal track structure 848, po- 
sitioned on the exposed side of dielectric layer 846, elec- 
trically connects, through the vias, at least some of the 
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edge contact pads. 

[0057] FIG. 8(e) illustrates an alternative method of 
stack assembly and interconnect. In this embodiment 
the stacks are formed in a similar manner as previously 
described, except that instead of using edge contact 
pads 852 (FIG. 8(d)) an array of substrate pins 850 is 
molded into each plastic substrate during the initial 
molding process. Pin contact pads 856 can be deposit- 
ed onto the top and bottom pin surfaces by applying and 
patterning a metal such as gold. 
[0058] Area input/output (I/O) contacts 858 such as, 
for example, fuzz buttons, elastomers, and solder 
bumps, are located at the pad sites to interconnect the 
HDI structures. Fuzz buttons are typically round balls of 
fine electrically conductive fibers. One method of apply- 
ing them is to place a spacer layer (not shown) having 
holes above selected portions of the pattern of electrical 
conductors. Fuzz pads can then be inserted into the 
holes, and the next HDI structure can be applied. Con- 
ductive elastomer contacts can be fabricated by using 
a sheet (not shown) having vertically aligned contacts 
which touch when squeezed together. The sheet is po- 
sitioned on a top surface of an HDI structure so that the 
vertical contacts are situated above selected portions of 
the pattern of electrical conductors. Then an HDI struc- 
ture is applied. With both elastomer contacts and fuzz 
buttons, it is useful to have a clamp (not shown) or some 
other means for pressing the HDI structures together. 
Additionally, silicone epoxy can be used near the I/O in- 
terfaces during clamping for securing the structures af- 
ter a clamp is removed. A spacer is also useful for solder 
bumps. In this case, no clamp is needed because the 
bumps are heated to form connections. 
[0059] Interconnection from the stacked module to 
the next level of packaging can be" made from either the 
top pads or the bottom pads, as required. The thin profile 
and the excellent thermal path permits many more lev- 
els in the stack than are available in a conventional HDI 
stack. 

[0060] While only certain preferred features of the in- 
vention have been illustrated and described herein, 
many modifications and changes will occur to those 
skilled in the art. It is, therefore, to be understood that 
the appended claims are intended to cover all such mod- 
ifications and changes. 



Claims 

1 . An integrated circuit module, comprising: 

a plurality of chips (1 4), each of said chips hav- 
ing a face side and a backside, and contact 
pads (15) located on said face sides on a com- 
mon plane; 

hardened substrate molding material (24) sur- 
rounding said chips, except for the face side of 
said chips; 



a dieletric layer (12b) placed on the face side 
of said chips and said hardened substrate 
molding material, said dielectric layer including 
a plurality of vias (30) therein, at least some of 
s said plurality of vias being aligned with prede- 

termined ones of said contact pads, respective- 
ly; and 

a pattern of electric conductors (32) extending 
through selected ones of said plurality of vias 
10 in said dielectric layer; 

characterized in 

that said substrate molding material comprises a 
blend of polyimide, epoxy, cross linking catalyst and 
'5 particles selected from the group consisting of alu- 
mina, aluminum nitride, aluminum silicon carbide, 
glass, aluminum and diamond. 

2. The module of claim 1 , wherein said hardened sub- 
20 strate molding material further comprises material 

selected from the group consisting of thermoplas- 
tics, thermosets, polyetherimide resins, poly- 
tetrafluoroethylenes, benzocyclobutene, acrylates, 
and polyurethanes. 

25 

3. The module of claim 1 or 2, wherein said particles 
may also include fibers, screens, mats, and plates. 

4. The module of claim 1 , 2 or 3, wherein said dielectric 
30 layer (1 2b) comprises a thermoset material. 

5. The module of one of the claims 1 to 4, further in- 
cluding an adhesive layer (12a) between said die- 
lectric layer (12b) on one side and said chips (14) 

35 and said substrate molding material (24) on the oth- 
er side, and wherein said adhesive layer comprises 
the same material as said substrate molding mate- 
rial. 

40 6. The module of one of the claims 1 to 5, further in- 
cluding a thermal plug (34) extending from the back- 
side of at least one of said chips at least through to 
the opposite side of said hardened substrate mold- 
ing material (24). 

45 

7. The module of claim 6, wherein said thermal plug 
(34) comprises an electrically conductive material. 

8. The module of claim 6 or 7, wherein said thermal 
so plug (34) comprises a material selected from the 

group consisting of copper, molybdenum, and a sil- 
icon carbide matrix infiltrated with aluminum. 

9. The module of one of claims 1 to 8, further including 
55 a connector frame (39) including connection pads 

(37) for providing an electrical connection to said 
pattern of electrical conductors (32), said connec- 
tion pads (37) being coplanar with said contact pads 
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tern (32), die durch ausgewahlte Exemplare der 
Mehrzahl von Durchgangen in der dielektrischen 
Schicht vertaufen, 

dadurch gek nnzeichnet, 

5 daB das Substratformmateriai eine Mischung 

aus Polyimid, Epoxid, vernetzendem Katalysator 
umfaftt sowie Partikel, die aus der Gruppe ausge- 
wahlt sind, die aus Aluminiumoxid, Aluminiumnitrid, 
Aluminiumsiliziumkarbid, Glas, Aluminium und Dia- 

10 mant besteht 

2. Modul nach Anspruch 1, bei dem das gehartete 
Substratformmateriai ferner Material aufweist, das 
aus der Gruppe ausgewahlt ist, die aus Thermopla- 

15 sten, warmehartenden Harzen, Potyetherimidhar- 
zen, Polytetrafluorethylenen, Benzocyclobutenen, 
Acrylaten und Polyurethanen besteht. 

3. Modul nach Anspruch 1 oder 2, bei dem die Partikel 
2Q auch Fasem, Netze, Matten und Piatten enthalten 

konnen. 

4. Modul nach Anspruch 1 , 2 oder 3, bei dem die di- 
elektrische Schicht (12b) ein warmehartendes Ma- 
ss terial umfa&t. 

5. Modui nach einem der Anspruche 1 bis 4, ferner mit 
einerHaftschicht (12a) zwischen der dielektrischen 
Schicht (12b) auf einer Seite und den Chips (14) 

30 und dem Substratformmateriai (24) auf der anderen 
Seite, wobei diese Haftschicht das gleiche Material 
enthalt wie das Substratformmateriai. 

6. Modul nach einem der Anspruche 1 bis 5, ferner mit 
35 einem thermischen Zapfen (34), der sich von der 

Ruckseite wenigstens eines der Chips zumindest 
zu der entgegengesetzten Seite des geharteten 
Substratformmaterials (24) hindurch erstreckt. 

40 7. Modul nach Anspruch 6, bei dem der thermische 
Zapfen (34) ein elektrisch leitfahiges Material ent- 
halt. 

8. Modul nach einem der Anspruche 6 oder 7, bei dem 
45 das thermische Steckteil (34) ein Material aufweist, 
das aus der Gruppe ausgewahlt ist, die aus Kupfer, 
Molybdan und einer mit Aluminium infiltrierten Sili- 
ziumkarbidmatrix besteht. 

so 9. Modul nach einem der Anspruche 1 bis 8, ferner mit 
einem Verbinderrahmen (39) mit Verbindungspads 
(37) fur die elektrische Verbindung zu dem Muster 
aus elektrischen Leitern (32), wobei diese Verbin- 
dungspads (37) koplanar mit den Kontaktpads (15) 

55 urn die Chips (14) angeordnet sind, die in dem ge- 
harteten Substratformmateriai (12) liegen. 



(15) around said chips (14) positioned in said hard- 
ened substrate molding material (12). 

10. The module of claim 9, wherein said connector 
frame (39) further comprises an array of pins (36) 
which extend at least through said substrate mold- 
ing material (24) to the opposite surface thereof. 

11. The module of claim 9, wherein said connector 
frame (29) further comprises an array of pins (36) 
which extend at least through to a side of said sub- 
strate molding material (24). 

12. The module of one of the claims 1 to 11, further in- 
cluding an inner dielectric layer (100) positioned be- 
tween the backside of said chips (14) and said hard- 
ened substrate molding material (24). 

13. The module of claim 12, further including an elec- 
trically conductive strip (108) extending along said 
inner dielectric layer (100) from the backside of at 
least one of said chips (14) to said dielectric layer 
(12b). 

14. The module of one of the claims 1 to 5, further in- 
cluding: 

an additional dielectric layer (40) situated over 
said dielectric layer (12b), said additional die- 
lectric layer including a plurality of additional vi- 
as (30) therein, at least some of said plurality 
of additional vias being aligned with predeter- 
mined portions of said pattern of electrical con- 
ductors (32); and 

an additional pattern of electrical conductors 
extending through selected ones of said plural- 
ity of additional vias in said additional dielectric 
layer. 



PatentansprOche 

1 . Integriertes Schaltungsmodul 

mit einer Mehrzahl von Chips (14), diejeweils 
eine Vorderseite und eine Ruckseite sowie Kontakt- 
pads (15) aufweisen, die auf den Vorderseiten in ei- 
ner gemeinsamen Ebene angeordnet sind, 

mit gehartetem Substratformmateriai (24), 
das die Chips mit Ausnahme der Vorderseite der 
Chips umgibt, 

mit einer auf der Vorderseite der Chips und 
des geharteten Substratformmaterials angeordne- 
te dielektrische Schicht (12b), die eine Mehrzahl 
von Durchgangen (30) aufweist, wobei wenigstens 
einige aus dieser Mehrzahl von Durchgangen mit 
vorbestimmten Exemplaren der genannten Kon- 
taktpads fluchten, 

und mit einem Muster aus elektrischen Lei- 



10. Modul nach Anspruch 9, bei dem der Verbinderrah 
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men (39) ferner ein Array von Stiften (36) aufweist, 
die sich zumindest durch das Substratformmaterial 
(24) zu dessen entgegengesetzter Seite erstrek- 
ken. 

1 1 . Modul nach Anspruch 9, bei dem der Verbinderrah- 
men (39) ferner ein Array von Stiften (36) aufweist, 
die sich zumindest durch eine Seite des Substrat- 
formmaterials (24) erstrekken. 

12. Modul nach einem der Anspruche 1 bis 11, ferner 
mit einer inneren dielektrischen Schicht (100), die 
zwischen der Ruckseite der Chips (1 4) und dem ge- 
harteten Substratformmaterial (24) angeordnet ist. 

13. Modul nach Anspruch 12, ferner mit einem elek- 
trisch leitfahigen Streifen (1 08), der sich entlang der 
inneren dielektrischen Schicht (100) von der Ruck- 
seite wenigstens eines der Chips (1 4) zu der dielek- 
trischen Schicht (12b) erstreckt. 

14. Modul nach einem der Anspruche 1 bis 5, ferner mit 

einer zusatzlichen dielektrischen Schicht 
(40), die uber der genannten dielektrischen Schicht 
(12b) liegt, wobei diese zusatzliche dielektrische 
Schicht eine Mehrzahl von zusatzlichen Durchgan- 
gen (30) aufweist und wenigstens einige aus dieser 
Mehrzahl von zusatzlichen Durchgangen mit vorbe- 
stimmten Teilen des Musters aus elektrischen Ver- 
bindern (32) fluchten, 

und einem zusatzlichen Muster aus elektri- 
schen Leitern, die durch ausgewahlte Exemplare 
aus der Mehrzahl von zusatzlichen Durchgangen in 
der zusatzlichen dielektrischen Schicht verlaufen. 



Revendtcations 

1 . Module de circuit integre, comprenant : 

une plurality de puces (14), chacune desdites 
puces ayant un cote" face et un cot§ dos, et des 
plages de contact ( 1 5) situSes sur lesdits cdtes 
face sur un plan commun ; 
une matiere de moulage de substrat durcie (24) 
entourant lesdites puces, sauf pour le cote face 
desdites puces ; 

une couche dielectrique (1 2b) situee sur le cote 
face desdites puces et ladite matiere de mou- 
lage de substrat durcie, ladite couche dielectri- 
que comprenant une plurality de traversees 
(30), au moins certaines de ladite pluralite de 
traversers etant alignees avec des plages pre- 
determiners desdites plages de contact, 
respectivement ; et 

un motif de conducteurs electriques (32) 
s'etendant a travers des traversees selection- 
nees de ladite pluralite de traversees dans la- 



dite couche dielectrique ; 

caracterise en ce que 

ladite matiere de moulage de substrat com- 
s prend un melange de polyimide, d'epoxy, de cata- 
(yseur de reticulation et des particules selection- 
n£es dans le groupe constitud d'alumine, de nitrure 
d'aluminium, decarburedesilicium d'aluminium, de 
verre, d'aluminium et de diamant. 

90 

2. Module seton la revendication 1 , dans lequel ladite 
matiere de moulage de substrat durcie comprend 
de plus une matiere seJectionnee dans le groupe 
constitue de thermoplastiques, de resines thermo- 

t5 durcissables, de resines de polyetherimide, de po- 
lyte-trafluorethylenes, de benzocyclobutene, 
d'acrylates et de polyur£thanes. 

3. Module selon la revendication 1 ou 2, dans lequel 
20 lesdites particules peuvent egalement comprendre 

des fibres, des grilles, des nattes et des plaques. 

4. Module selon la revendication 1 , 2 ou 3, dans lequel 
ladite couche dielectrique (1 2b) comprend une ma- 

25 tiere thermodurcie. 

5. Module selon Tune des revendications 1 a 4, com- 
prenant de plus une couche adhesive (12a) entre 
ladite couche dielectrique (12b) sur un cdte et les- 

30 dites puces (14) et ladite matiere de moulage de 
substrat (24) sur I'autre cdte, et dans lequel ladite 
couche adhesive comprend la mSme matiere que 
ladite matiere de moulage de substrat. 

35 6. Module selon I'une des revendications 1 a 5, com- 
prenant de plus une prise thermique (34) s'etendant 
a partir du cdte dos d'au moins une desdites puces 
au moins a travers le cdte oppose de ladite matiere 
de moulage de substrat durcie (24). 

40 

7. Module selon la revendication 6, dans lequel ladite 
prise thermique (34) comprend une matiere electri- 
quement conductrice. 

45 8. Module selon la revendication 6 ou 7, dans lequel 
ladite prise thermique (34) comprend une matiere 
selectionnee dans le groupe comprenant le cuivre, 
le molybdene et une matiere composite de carbure 
de siiicium infiltree avec de ('aluminium. 

50 

9. Module selon I'une des revendications 1 a 8, com- 
prenant de plus un chassis de connecteur (39) com- 
portant des plages de connexion (37) pour realiser 
une connexion electrique avec ledit motif de con- 
55 ducteurs electriques (32), lesdites plages de con- 
nexion (37) 6tant coplanaires avec lesdites plages 
de contact (15) autour desdites puces (1 4) position- 
nees dans ladite matiere de moulage de substrat 
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durcie(12). 

10. Module selon la revendication 9, dans lequel ledit 
chassis de connecteur (39) comprend de plus un 
groupement de broches (36) qui s'etendent au 5 
moins a travers ladite matiere de moulage de subs- 
trat (24) vers la surface opposee de cette derniere. 

11. Module selon la revendication 9, dans lequel ledit 
chassis de connecteur (29) comprend de plus un io 
groupement de broches (36) qui s'etendent au 
moins jusqu'a un cote de ladite matiere de moulage 

de substrat (24) en la traversant. 

1 2. Module selon Tune des revendications 1 a 1 1 , com- '5 
prenant de plus une couche dielectrique interieure 

(1 00) position nee entre le cote dos desdites puces 
(1 4) et ladite matiere de moulage de substrat durcie 
(24). 

20 

13. Module selon la revendication 12, comprenant de 
plus une bande electriquement conductrice (108) 
s'etendant le long de ladite couche dielectrique in- 
terieure (100) depuis le cote dos d'au moins une 
desdites puces (14) jusqu'a ladite couche dielectri- 25 
que (12b). 

14. Module selon Tune des revendications 1 a 5, com- 
prenant de plus : 

30 

une couche dielectrique supplemental (40) 
placee sur ladite couche dielectrique (12b), la- 
dite couche dielectrique supplemental com- 
prenant une pluralite de traversees supplemen- 
tal (30), au moins certaines de ladite plura- 35 
lite de traversees supplementaires etant ali- 
gners avec des parties predeterminees dudit 
motif de conducteurs Slectriques (32) ; et 
un motif supplemental de conducteurs elec- 
triques s'etendant a travers des traversees se- *o 
lectionnees de ladite pluralite de traversees 
supplementaires dans ladite couche dielectri- 
que supplemental. 
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FIG. 4(b) 
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FIG. 4(d) 
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